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The 1,3-diketone group of the title compound, C 2 iH 2 o0 6 , 
exists in a keto-enol form stabilized by a strong intra- 
molecular O— H- ■ O hydrogen bond. As a result, a planar 
(mean deviation = 0.0099 A) six-membered hydrogen-bonded 
ring is formed. The C— O and C— C bond lengths suggest 
significant electron derealization in the ring. The dihedral 
angle between the six-membered hydrogen-bonded ring and 
its adjacent benzene ring is 8.78 (5)° and that between the 
benzene rings is 19.70 (5)°. In the crystal, molecules are 
packed in a layered structure parallel to the b axis through C— 
H- ■ O and 7T-7T interactions [centroid-centroid distance 
between stacked benzene rings = 3.868 (2) A]. 

Related literature 

For background to this study, see: Ishikawa & Fujii (2011). For 
related structures, see: Wang et al. (2008); Pillay et al (2013). 
For the biological activity of related compounds, see: Tomas- 
sini et al. (1994). 




b = 12.194 (5) A 
c = 11.213 (6) A 
P = 96.03 (5)° 
V = 3613 (4) A 3 
Z = 8 

Data collection 

Rigaku AFC-7R diffractometer 
Absorption correction: xfr scan 
(North et al, 1968) 
r mi „ = 0.707, r m „ = 0.971 
4944 measured reflections 
4109 independent reflections 

Refinement 

R[F 2 > 2a(F 2 )} = 0.040 

wR(F 2 ) = 0.104 

S = 1.01 

4109 reflections 

250 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



Mo Ka radiation 
li = 0.10 mm -1 
T = 100 K 

0.50 x 0.45 x 0.30 mm 



2874 reflections with F > 2a(F 2 ) 
R inl = 0.029 

3 standard reflections every 150 
reflections 

intensity decay: 0.7% 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 0.25 e A~ 3 

Ap mi „ = -0.22 e A~ 3 



D-H-A 


D—H 


H-A 


D- ■ A 


D-H-A 


03-H14-04 


0.98 (3) 


1.61 (3) 


2.522 (2) 


152 (3) 



Experimental 

Crystal data 

C21H20O6 
M r = 368.39 



Monoclinic, C2/c 
a = 26.572 (16) A 



Data collection: WinAFC (Rigaku, 1999); cell refinement: 
WinAFC; data reduction: WinAFC; program(s) used to solve struc- 
ture: SIR2008 (Burla et al, 2007); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008); molecular graphics: CrystalStructure 
(Rigaku, 2010); software used to prepare material for publication: 
CrystalStructure . 

This work was partly supported by Grants-in-Aid (No. 
24590141 to YI) for Scientific Research from the Japan Society 
for the Promotion of Science. We acknowledge the University 
of Shizuoka for supporting this study. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: LD2109). 
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Ethyl (Z)-4'-(4-ethoxy-1 -hydroxy-3,4-dioxobut-1 -en-1 -yl)-[1 ,1 '-biphenyl]-3- 
carboxylate 

Yoshinobu Ishikawa and Atsushi Ugai 
Comment 

Biphenyl diketo acids are known to inhibit influenza virus endonuclease (Tomassini et al. 1994). According to our 
inhibitor design targeting this metalloenzyme (Ishikawa et al. 2011), we synthesized the title compound by Claisen 
condensation of ethyl 4'-acetyl-[l,l'-biphenyl]-3-carboxylate with diethyl oxalate in the presence of sodium ethoxide, 
which biphenyl derivatives are the synthetic intermediates of a final biphenyl diketo acid. The 1,3-diketone group exists 
in keto-enol form stabilized by an intramolecular O-HO hydrogen bond [03-04, 2.522 (2) A, Table 1], as shown in 
Figure 1. The distances of C-0 [C16-03 = 1.3063 (18) A, C18-04 = 1.2736 (19) A] and C-C bonds [C16-C17 = 1.403 
(2) A, C17-C18 = 1.396 (3) A] in the 1,3-diketone group indicate charge derealization among the atoms. As a result, a 
six-membered ring formed is essentially plane (mean deviation = 0.0099 A). The dihedral angles between the six- 
membered ring and its adjacent benzene ring and between the two benzene rings are 8.78 (5) and 19.70 (5)°, respectively. 
In the crystal, the molecules are packed as a layered structure through intermolecular C-H— O and n—it interactions, as 
shown in Figure 2. 

Experimental 

4'-Acetyl-[l,l'-biphenyl]-3-carboxylate (3.9 mmol), diethyl oxalate (4.7 mmol) and sodium ethoxide (5.4 mmol) were 
dissolved in ABS. THF (30 ml) and refluxed for 4 h. The reaction mixture was cooled to room temperature, and acidified 
with 2 M HC1 (20 ml). After the mixture was extracted with ethyl acetate, the organic layer was washed with water and 
brine, and dried over anhydrous Mg 2 S0 4 . The title compound was obtained by column chromatography on silica gel («- 
hexane: ethyl acetate = 3: 1, yield: 40%). Single crystals suitable for X-ray diffraction were obtained by slow evaporation 
of an ethyl acetate/« -hexane solution of the compound at room temperature. 

Refinement 

The hydrogen atoms of phenyl ring were placed in geometrical positions [C-H 0.95 A, t/ iso (H) = 1.2£/ eq (C)], and refined 
using a riding model. All hydrogen atoms of the vinyl, hydroxyl, methylene and methyl groups were found in a difference 
Fourier map, and refined using a riding model with distance constraint for the vinyl [C-H = 0.99 A, L r is0 (H) = 1.2£/ eq (C)] 
and methylene H atoms [C-H = 0.95 A, £/ iS0 (H) = 1. 2 C/ eq (C)]. A rotating group model was applied to the methyl groups 
with distance constraint [C-H = 0.98 A, [/ iso (H) = 1.2t/ e ,(C)]. The hydroxyl hydrogen was refined freely [O-H = 0.98 (3) 
A]. 

Computing details 

Data collection: WinAFC (Rigaku, 1999); cell refinement: WinAFC (Rigaku, 1999); data reduction: WinAFC (Rigaku, 
1999); program(s) used to solve structure: SIR2008 (Burla et al, 2007); program(s) used to refine structure: SHELXL97 
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(Sheldrick, 2008); molecular graphics: CrystalStmcture (Rigaku, 2010); software used to prepare material for 
publication: CrystalStmcture (Rigaku, 2010). 




Figure 1 

The molecular structure of the title compound, with displacement ellipsoids drawn at the 50% probability level. 
Hydrogen atoms are shown as small spheres of arbitrary radius. 




0 

Figure 2 

A crystal packing view of the title compound. 



Ethyl (Z)-4'-(4-ethoxy-1 -hydroxy-3,4-dioxobut-1 -en-1 -yl)-[1 ,1 '-biphenyl]-3-carboxylate 



Crystal data 

C21H20O6 
M T = 368.39 
Monoclinic, C2/c 
Hall symbol: -C 2yc 
a = 26.572(16) A 
6 = 12.194 (5) A 
c= 11.213 (6) A 
p= 96.03 (5)° 
F=3613 (4) A 3 
Z=8 



F(000)= 1552.00 

D x = 1.354 MgnT 3 

Mo Ka radiation, 1 = 0.71069 A 

Cell parameters from 25 reflections 

0= 15.3-17.3° 

^O.lOmrrr 1 

T= 100 K 

Block, yellow 

0.50 x 0.45 x 0.30 mm 
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Data collection 

Rigaku AFC-7R 
diffractometer 
co scans 

Absorption correction: yj scan 

(North et al, 1968) 
T mm = 0.707, T max = 0.971 
4944 measured reflections 
4109 independent reflections 

Refinement 

Refinement on F 2 
RIF 1 > 2cr( J F 2 )] = 0.040 
wR(F 2 ) = 0.104 
5= 1.01 

4109 reflections 
250 parameters 
0 restraints 

Primary atom site location: structure-invariant 
direct methods 



2874 reflections with F 2 > 2a{F 2 ') 
R mt = 0.029 

^max 27.5 

h = -34->34 
£=0^15 
/ = -14->8 

3 standard reflections every 150 reflections 
intensity decay: 0.7% 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = ll[o\F 2 ) + (0.0448P) 2 + 1.600 LP] 

where P = (F 2 + 2F 2 )/3 
(A/t7) max < 0.001 
Ap max = 0.25 e A -3 
Ap mm = -0.22 e A~ 3 



Special details 

Refinement. Refinement was performed using all reflections. The weighted 7?-factor (wR) and goodness of fit (S) are 
based on F 2 . /{-factor (gt) are based on F. The threshold expression of F 2 > 2.0 ^(F 2 ) is used only for calculating 7?-factor 
(gt). 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


11- *IU 


01 


0.46554 (4) 


0.31724 (9) 


-0.39851 (9) 


0.0275 (3) 


02 


0.42694 (4) 


0.17877 (9) 


-0.31120 (9) 


0.0273 (3) 


03 


0.23852 (4) 


0.18855 (8) 


0.31124 (9) 


0.0240 (3) 


04 


0.17956 (4) 


0.23322 (8) 


0.46659 (9) 


0.0245 (3) 


05 


0.15319(4) 


0.51499 (8) 


0.46408 (10) 


0.0278 (3) 


06 


0.12949 (4) 


0.38111 (8) 


0.58408 (9) 


0.0234 (3) 


CI 


0.35694 (5) 


0.41174(11) 


-0.10207(12) 


0.0193 (3) 


C2 


0.37847 (5) 


0.33352 (12) 


-0.17183 (12) 


0.0198(3) 


C3 


0.40986 (5) 


0.36425 (12) 


-0.25797 (12) 


0.0212(3) 


C4 


0.41931 (6) 


0.47473 (12) 


-0.27835 (13) 


0.0249 (4) 


C5 


0.39742 (6) 


0.55328 (12) 


-0.21089(14) 


0.0260 (4) 


C6 


0.36726 (5) 


0.52305 (12) 


-0.12270 (13) 


0.0231 (3) 


C7 


0.32531 (5) 


0.37938 (11) 


-0.00602 (12) 


0.0183 (3) 


C8 


0.32783 (5) 


0.27412 (11) 


0.04357 (13) 


0.0218 (3) 


C9 


0.29951 (5) 


0.24567(11) 


0.13554 (13) 


0.0221 (3) 


C10 


0.26788 (5) 


0.32256 (11) 


0.18255 (12) 


0.0194 (3) 


Cll 


0.26469 (5) 


0.42780(11) 


0.13267 (13) 


0.0216(3) 


C12 


0.29254 (5) 


0.45500 (11) 


0.03963 (13) 


0.0219 (3) 


C13 


0.51901 (6) 


0.30330 (15) 


-0.55382 (14) 


0.0340 (4) 


C14 


0.49283 (6) 


0.23779(13) 


-0.46382 (14) 


0.0291 (4) 


C15 


0.43394 (5) 


0.27607 (12) 


-0.32420 (12) 


0.0213 (3) 
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Atomic displacement parameters (A 2 ) 
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U 22 U 33 
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C12-H7" 


3.5853 


H20C-H8™ 


2.6434 


C12-H14 v 


2.94 (3) 


H20C-H9C X 


2.5743 


C12-H15™ 


3.3303 






C14— 01— C15 


116.21 (13) 


C3— C2— HI 


119.466 


CI 9— 06— C20 


114.27 (12) 


C3— C4— H2 


120.476 


C2— CI— C6 


117.95 (14) 


C5— C4— H2 


120.481 


C2— CI— C7 


121.42(13) 


C4— C5— H3 


119.592 


C6— CI— C7 


120.60(13) 


C6— C5— H3 


119.564 


CI— C2— C3 


121.08 (14) 


CI— C6— H4 


119.650 


C2— C3— C4 


120.35 (14) 


C5— C6— H4 


119.663 


C2— C3— C15 


118.15 (14) 


C7— C8— H8 


119.343 


C4— C3— C15 


121.47(14) 


C9— C8— H8 


119.332 


C3— C4— C5 


119.04(15) 


C8— C9— H7 


119.710 


C4— C5— C6 


120.84 (14) 


CIO— C9— H7 


119.736 


CI— C6— C5 


120.69 (14) 


CIO— Cll— H6 


119.748 
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Cl— C7— C8 
CI— C7— C12 
C8— C7— C12 
C7— C8— C9 
C8— C9— CIO 
C9— CIO— Cll 
C9— CIO— C16 
Cll— CIO— C16 
CIO— Cll— C12 
C7— C12— Cll 
01— C14— C13 
Ol— C15— 02 

01— C15— C3 

02— C15— C3 

03— C 16— CIO 

03— C16— C17 
CIO— C16— C17 
C16— C17— C18 

04— C18— C17 

04— C18— C19 
C17— C18— C19 

05— C 19— 06 

05— C19— C18 

06— C19— C18 
06— C20— C21 
C16— 03— H14 
Cl— C2— HI 



121.64(13) 
120.66(13) 
117.68 (14) 
121.33 (13) 
120.55 (13) 
118.55 (14) 
120.26(13) 
121.19(13) 
120.49(13) 
121.37(13) 
105.84(14) 
123.72 (14) 
111.68(13) 
124.58 (14) 
116.68 (12) 
120.13 (13) 
123.19(13) 
119.95 (13) 
124.30 (14) 
119.08 (13) 
116.62(13) 
124.89 (14) 
122.13 (14) 
112.98 (12) 
107.65 (13) 
106.3 (16) 
119.454 



C12— Cll— H6 
C7— C12— H5 
Cll— C12— H5 
C14— C13— H9C 
C14— C13— H10B 
C14— C13— H11A 
H9C — C13 — HI OB 
H9C— C13— H11A 
H10B— C13— H11A 
01— C14— H12A 
01— C14— H13B 
C13— C14— H12A 
C13— C14— H13B 
H12A— C14— H13B 
C16— C17— H15 
C18— C17— H15 
06— C20— H16B 
06— C20— H17A 
C21— C20— H16B 
C21— C20— H17A 
H16B— C20— H17A 
C20— C21— H18A 
C20— C21— H19B 
C20— C21— H20C 
H18A— C21— H19B 
H18A— C21— H20C 
H19B— C21— H20C 



119.758 
119.317 
119.315 
109.471 
109.472 
109.458 
109.476 
109.476 
109.474 
110.568 
110.569 
110.576 
110.560 
108.723 
120.025 
120.024 
110.178 
110.180 
110.180 
110.180 
108.472 
109.474 
109.479 
109.475 
109.468 
109.466 
109.466 



C14— 01— C15— 02 
C14— 01— C15— C3 
C15— 01— C14— C13 
C15— 01— C14— H12A 
C15— 01— C14— H13B 
H14— 03— C16— CIO 
H14— 03— C16— C17 
C19— 06— C20— C21 
C 1 9— 06— C20— H 1 6B 
C 1 9— 06— C20— H 1 7A 
C20— 06— C19— 05 
C20— 06— C19— C18 
C2— Cl— C6— C5 
C2— Cl— C6— H4 
C6— Cl— C2— C3 
C6— Cl— C2— HI 
C2— Cl— C7— C8 
C2— Cl— C7— C12 
C7— Cl— C2— C3 
C7— Cl— C2— HI 
C6— Cl— C7— C8 



-1.11 (18) 
177.38 (10) 
171.47(10) 
51.7 
-68.8 

-176.2(15) 

3.5 (15) 

177.39(10) 

57.2 

-62.4 

0.51 (18) 

179.85 (10) 

0.80(18) 

-179.2 

1.00(18) 

-179.0 

19.70(18) 

-161.64(11) 

-177.12(11) 

2.9 

-158.37 (11) 



C12— C7— C8— H8 
C7— C8— C9— CIO 
C7— C8— C9— H7 
H8— C8— C9— CIO 
H8— C8— C9— H7 
C8— C9— CIO— Cll 
C8— C9— CIO— C16 
H7— C9— CIO— Cll 
H7— C9— CIO— C16 
C9— CIO— Cll— C12 
C9— CIO— Cll— H6 
C9— CIO— C16— 03 
C9— CIO— C16— C17 
Cll— CIO— C 16— 03 
Cll— CIO— C16— C17 
C16— CIO— Cll— C12 
C16— CIO— Cll— H6 
CIO— Cll— C12— C7 
CIO— Cll— C12— H5 
H6— Cll— C12— C7 
H6— Cll— C12— H5 



179.2 

-0.80(19) 

179.2 

179.2 

-0.8 

1.45 (19) 

-179.30(11) 

-178.6 

0.7 

-0.48 (19) 
179.5 

-8.07(18) 

172.22(11) 

171.16(11) 

-8.55 (19) 

-179.72(11) 

0.3 

-1.16(19) 
178.8 
178.8 
-1.2 
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p c p i pt 

Co — L 1 — C7 — L 1 2 




20.29 (lo) 




H9C — C 1 3 — C 1 4 — 0 1 


1 nn n 

Ml .1 


C7 — CI — Co — C5 




1 T O A A / 1 1 \ 

178.94 (11) 




T T i"\ /" "• /—i 1 O /-i -i A in ^ * 

H9C — C 1 3 — C 1 4 — H 1 2 A 


-62.5 


C 7 — C 1 — C 6 — H4 




1 1 

—1.1 




H9C — C 1 3 — C 1 4 — H 1 3 B 


C O A 

58.0 


C 1 — C2 — C3 — C4 




1 t"» / 1 a\ 

-1.72 (19) 




H 1 0B — C 1 3 — C 1 4 — 0 1 


57.7 


C • i ri^ PO n f 

C 1 — Cz — C 3 — C 1 5 




in/ A(\ /in 

176.49 (11) 




T T 1 A O /""MO /"" 1 /I TT1 T A 

H 1 UB — C 1 3 — L 1 4 — H 1 2 A 


1 nn c 

ill. .5 


TT1 /" -\ z' " ~> p ^ 

H 1 — C2 — C 3 — C4 




178.3 




T T 1 /\r> /'"' -1 o /" " -i ^ TT1 O I~"> 

H10B — C13 — Cl4 — H13B 


-62.0 


TT1 /""""I /~< i c 

H 1 — C2 — C 3 — C 1 5 




-3.5 




H11A — C13 — C14 — Ol 


62.3 


f ' "\ PO P /i PC 

C2 — C3 — C4 — C5 




0.6 (2) 




T T 1 1 A 1 1 /'"' 1/1 T T 1 1 A 

H11A — C13 — C14 — H12A 


57.5 


Lz — C3 — L4 — Hz 




1 T A /I 

-179.4 




ttiia rn \ a ttittj 

H11A — CI 3 — L14 — HI 3B 


1 TO A 

178.0 


C2 — C3 — C 1 5 — 0 1 




1 T /" AC /1 1 \ 

-176.05 (11) 




03 — C 1 6 — C 1 7 — C 1 8 


1 /I A / 1 ON 

-1.40 (18) 


C2 — C3 — C 1 5 — 02 




i A *"> / 1 a\ 

2.42 (19) 




03 — C16 — Cl7 — HI 5 


1 TO /" 

178.6 


C4 — C3 — C 1 5 — 0 1 




^ 1/1/1 n\ 

2.14 (17) 




C 1 0 — C 1 6 — C 1 7 — C 1 8 


1TO A 

178.29 (11) 


C4 — C3 — C 1 5 — 02 




—179.39 (12) 




pi a / < i / f ' \ H TT1 C 

C10 — C16 — C17 — HI 5 


1 T 

-1.7 


C 1 5 — C3 — C4 — C5 




-177.53 (11) 




C 1 6 — C 1 7 — C 1 8 — 04 


0.2 (2) 


C 1 5 — C3 — C4 — H2 




2.5 




C16 — C17 — CI 8 — C19 


1 TA AA /1 A \ 

179.90 (10) 


C3 — C4 — C5 — Co 




1.2 (2) 




TTI C f ' 1 T P 1 O /"A -1 

H 1 5 — C 1 7 — C 1 8 — 04 


-179.8 


p o p a pc tto 

C3 — C4 — C5 — H3 




1 to o 

-178.8 




HI 5 — C17 — C18 — C19 


A 1 

—0.1 


Tii p a PC f ' f 

H2 — C4 — C5 — Co 




1 TO O 

-178.8 




04 — C 1 8 — C 1 9 — 05 


1 TT /"A / 1 1 \ 

-177.60 (11) 


tii p a f * c in 

H2 — C4 — C5 — H3 




1.2 




04 — C 1 8 — C 1 9 — 06 


A /I / 1 T \ 

3.04 (17) 


C • A PC P /_ f ' 1 

C4 — C5 — Co — C 1 




1 a /o\ 

-1.9 (2) 




pin p i O / • 1 n PiC 

C 1 7 — C 1 8 — C 1 9 — 05 


O £ £L ( 1 ON 

2.66 (18) 


C4 — C5 — Co — H4 




1 TO 1 

178.1 




r^io pin 

C 1 7 — C 1 8 — C 1 9 — 06 


1 T /; TA /1 1\ 

—176.70 (11) 


in pc / i / p i 

H3 — C5 — Co — C 1 




1 TO 1 

178.1 




/ \ /■ P^A P^1 TTIOA 

06 — C20 — C2l — H18A 


1 

— 62. 1 


TTO f ~< £ l 1 / T T A 

H3 — C5 — Co — H4 




-1.9 




06 — C20 — C21 — H19B 


177.9 


p 1 P*T PO /" A 

C 1 — C 7 — C 8 — C 9 




1 TT OH /11\ 

177.89 (11) 




06 — C20 — C21 — H20C 


57.9 


n n rs us 

v^i — v / — v^o — no 




— ? 1 




n L \jd — v^z,u — y^z. i — n l or\ 


58 1 


CI— C7— CI 2— Cll 




-176.92 (11) 




H 1 6B— C20— C2 1 — H 1 9B 


-61.9 


CI— C7— C12— H5 




3.1 




H 1 6B— C20— C2 1 — H20C 


178.1 


C8 C7 C 1 2 C 1 1 




1.78 (19) 




H 1 7 A— C20— C2 1 — H 1 8 A 


177.7 


C8— C7— C12— H5 




-178.2 




H 1 7 A— C20— C2 1 — H 1 9B 


57.7 


CI 2— C7— C8— C9 




-0.80(19) 




H17A— C20— C21— H20C 


-62.3 


Symmetry codes: (i) -x+l,y, 
-y+ 1, z+1/2; (vii) x, -jH-1, z- 
(xiii)x+l/2,^-l/2,z-l; (xiv) 


-z-l/2; (ii) -x+l/2, -y+\/2, -z; (iii) -x+\/2, y-\/2, -z+1/2; (iv) -x+1/2, -jH-1/2, -z+1; (v) 
1/2; (viii) -x+1, -^+1, -z-1; (ix) x+l/2, -y+l/2, z-3/2; (x) x-1/2, -y+l/2, z+3/2; (xi) -x,y, 
x-\l2,y+\l2,z+\. 


-x+l/2, y+1/2, -z+1/2; (vi) x, 
-z+3/2; (xii) ~x+l,y, -z-3/2; 


Hydrogen-bond geometry (A, ") 










D—R-A 




D- 


-H 


U-A D-A 


D—U-A 


03— H14-04 




0.98 (3) 


1.61 (3) 2.522 (2) 


152 (3) 
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